Abstract. Nowadays, regulation for the vehicles emissions has becoming more stringent in order to reduce the effect of pollutant gases that was being released by the vehicles exhaust. The development of catalytic converter is to resolve the pollution emission aspect . There are lots of improvements done by the researchers towards improving catalytic converter, yet there are still key issues which give negative impact to the environment. One of the problems that are being concern by among of researchers is the cold-start and back pressure problems that usually occur in the composition of catalytic converter. Presented here is a review of cold-starts and back pressure problems together with several alternatives taken by not affecting the performance of vehicles engine and fuel consumption. The review also includes alternative system development and selection of materials to resolve these problems.
Introduction
In 21 th century, the number of vehicles grew more quickly which increases the total of air pollution from internal combustion. These pollutant gases influence to give bad effect to the human health and also surrounding environment [1] . Vehicles nowadays facing serious issues with the engines combustion gases that released high pollutant gases such as Unburned Hydrocarbon (HC), Caron Monoxide (CO) and Nitrogen oxide (NO x ) through the exhaust pipeline [2] . Most vehicles with gasoline fuelled were attached with three way catalyst in catalytic converter that gives an alternative way to reduce pollutant gaseous from the exhaust emission [3] . Mansha et al., (2013) [4] stated that there are two common methods that were usually being used in reducing the harmful gases that were adapted from the emission gases of automobiles exhaust by improving the technology of automobiles engine and composition of vehicles fuel. The catalytic converter was a special device that is originally designed to convert the pollution gaseous from being released into the atmosphere. The conversion still releasing amount of pollutant throughout the warm-up phases until the catalytic converter reaches out its light-off temperature. Thus, this kind of problem has becoming barriers to achieve future standard of emission [3] . Consequently, there are several ways of studies that involved the combustion of vehicles engine which also have a relation with the engine control and after treatment process that were been investigated to reduced cold-start emission and back pressure that usually occurs in the vehicles engine combustion [5] [6]. According to Steven et al., (1995) [7] the cold start emission is closely related with the thermal control in catalytic converter. A better technique to treat the cold start emission is by using compact insulation which could continuously give a better impact towards thermal conductance and maintaining the heat between the combustion system by providing low conductivity and also high conductivity for the engines heat rejection from the converter during the engine operation. This paper aims to review the techniques by previous researchers to improve the performance of cold-start system, evaluating the findings and discuss the some strategies to overcome the cold start problems from the vehicles exhaust combustion based on the vehicles system performance and also materials optimization.
Catalytic Converter Design and Stability
Catalytic converter is a device that is used to reduce the pollutant gaseous that originally comes from the internal combustion of vehicles engine. Catalytic converter is a stainless steel container that is attached alongside the exhaust pipeline and inside the container is a porous ceramic or metallic structure through which the exhaust gas flows [8] . It is usually being placed between engine manifold that connected with the tailpipe of vehicle exhaust system. The combustion occurs in the vehicles engine produced pollutant gases and will be pass through the tailpipe before undergo chemical reaction with the catalyst within the porous wash coat in the converter to produce a harmless gaseous which is readily to be released to the atmosphere. There are two types of catalytic converter which is classified as Two-Way or Three-Way catalytic converter. The Two-Way converter only works on two types of gases which are CO and unburned HC while the NOx is controlled by exhaust gas recirculation (EGR) system and by retarding the ignition timing [9] . Early manufactures used loose granular ceramic to manufactured ceramic converters with the gas passing through the packed spheres. Since it is difficult to keep the spheres in place, many converter developers opted for ceramic monolith which offers various advantages. It offers several advantages such as lower mass, smaller volumes and easily for packaging process [10] . The wash coat that is applied for the ceramic converters monolith walls composed of porous, high surface area inorganic oxides ZrO2 (Zirconia), CeO 2 (Ceria) and γ-Al2O3 (gamma alumina).
Noble metal catalysts, such as Platinum (Pt), Palladium (Pd) and Rhodium (Rh), are deposited on the surface and within the pores of the wash coat [11] . There are several models in predicting the pressure loss of channel substrate in the catalytic converter by approaching various types of cell shapes. Common model used by vehicles is the classic model discovered by HagenPoiseuille. This model purposed a laminar flow through a circular duct [12] . The evolution for design and optimization of the monolith in the catalytic converter is increasing from time to time. It is because the honeycomb material is available in various type of shapes and dimension which including the hexagon, square, triangle, circle and also sinusoidal. Figure 1 shows the single channel concept of monolith. The improved techniques in treating the honeycomb structure is by using the sub-grid scale modelling displays in Figure 2 . The cold-start issues among the researchers in automotive engineering have become one of new topic that needs to be discuses and solve in order to develop new emissions treatment techniques. Until it reaches the light-off temperature, a catalytic converter remains essentially ineffective. The understanding about characteristics of catalytic converter is important especially during the cold-start period in order to improve the performances of cold-start. There are two common methods used in handling the cold-start which is passive and active methods. The passive method is referring on the optimization of the exhaust system design which including the modification made upon the catalytic converter or by changing the position of the converter relative to the vehicles engine. On the other hand, the active method is based on the additional energy used to increase the performance of converter especially for the exhaust system temperature during the cold start. [17] state that in United State of America, the mean length of travelling distances of vehicles are less than 15km. The data presented in Figure 3 shows the energy thermal balance occurs in the vehicles cylinder during the warm-up stages. Energy balance that occurs in the vehicles engine during warm up stages and alternatives in solving cold start problems [18] There is only 4% of heat that is remained in the lubricant during the energy transfer process occurs in the engine through combustion which resulted low warm-up rate. Temporarily, another 32% is reserved in the engine metal warm-up at the engine block that provides very little benefits except it will conserve to increase engines cylinder temperature (Roberts et al., 2014) [16] . Still there is 52% energy from the combustion is expelled from the engine system as waste heat. Clearly, the needs to improve cold start emission by utilizing the waste heat in the engines to ensure that the lubricant temperature may rise in quicker time. Brito et al., (2012) [19] stated that the released energy from the engine combustion will be then released to the exhaust gas about 15% up to 40%.
Cold start problems can be said that it is one of the difficult problems to be solved as the relation system in the engine combustion is complex. There is a need to apply a system that can fasten the warm-up temperature without making any additional of thermal inertia to the engine system as it can result in deterioration to the performance measure of engine setup. Hence, the pollutant emission gaseous can be significantly reduced by shorten the time taken for the catalytic converter to reach light-off temperature during a cold start. This is because most vehicles emit pollutant gaseous during the legislated driving cycles. (Moore et al., 1993 ) [20] stated that during Federal Test Procedure (FTP), the pollutant emissions released by the vehicles was about 50% to 80%. It is occurs before the catalytic converter reach light-off temperature. According to Heywood (1998) [21] , it was found that the largest contribution of HC and CO emissions occur during the first minutes of engine operation. Figure 4 shows the efficiency of catalytic converter for HC and CO conversion against temperature of the engine combustion.
Leading to these issues, there were several approaches are taken to overcome the cold-start problems. The energy waste from the exhaust combustion can be one of the alternatives to heat up the catalytic converter temperature by having heat exchanger applications. Kumar et al., (2013) [22] investigate that the temperature of exhaust gases that flows from the internal combustion engine was from 300 o C to 900 o C which is depending on the engine load. The exhaust gas is one of the waste energy that is released and it would give benefits in rising up the catalytic temperature if the waste energy can be jointed to the catalytic converter which is also known as energy capture. It is not only achieved better accelerated temperature rising, the fuel consumption of the vehicles engine also can be reduced. It must be noted that the heat extraction from the exhaust temperature may rise up the light-off timing which also would increase the level of pollutant gaseous. The idea to conduct the energy capture must be carefully considered as the usual length between exhaust manifold and catalytic converter can be over than 0.1m length and Zhao and Winterbone (1993) [23] state that the temperature would reduce about 200 o C between that distance. Another consideration also must be taken that any addition for energy capturing system will give some additional weight to the vehicles which would affect the fuel consumption to be increased.
Will and Boretti (2011) [24] had conducted an investigation on the heat exchanger that applied from the exhaust gas directly towards the lubricant device heat exchange. From their investigation, it showed an improvement for fuel consumption efficiency about 7% without installing heat exchanger system device from the exhaust combustion. Other than that, the lubricant heat exchange device also reduced 2% of HC emission together with reduction of 19% of NO x and 27% of CO emissions. In order to avoid emission distress, the location of heat exchanger is placed near to the catalytic converter. It is argued that by increasing the lubricant temperature may give other positives effects for the engine combustion by reducing friction in the engine piston.
Figure 4. HC and CO emission against engine combustion temperature [24]
Another way to manage the cold-starts problems from the vehicles engine combustion is by using thermal electric applications. The application of thermal electricity is generated using the Seebeck Effect which can eventually operate thermal energy system [25] . It is caused by the existing of electric voltage that exists across the junction of two dissimilar materials which will result temperature difference such as shown in Figure 5 . This alternative ways offers benefits on fuel consumption and produced better emissions which also related in reducing the engines load over engine alternator. Brito et al., (2012) [19] had managed the investigation for thermal electricity application which is also known as thermoelectric generator (TEG). The heat exchanger process occurs between the TEG and the exhaust gas is using the heat pipes which act as a medium. Conversion of the exhaust combustion gases to the electrical energy power output was still in limit order which just only 1%, showing that the conversion is still limited. Therefore, it can be conclude that the application of TEG to the engine combustion can brings new alternative ways for recapturing waste thermal energy from the exhaust combustion gases. Kumar et al., (2013) [22] proved that TEG may recover the energy in the range of 64% from the exhaust combustion gas the enters the device and about 58.7% from the inlet energy is being moved to the coolant system due to operating temperature limitations of the TEG. Thus, the electrical generation produced from the process can be only 3% from the total exhaust gas energy. Figure 5 . Thermoelectric junction of two dissimilar materials of p-type and n-type [16] Kollman et al.,(1994) [26] overcome the cold-start problem by heating the catalytic converter with an external combustion Hydrogen gas that is added to the vacuum insulation which contains a small amount of metal hydride [27] . The function of the metal hydride is to electrically heat the pressure of the hydrogen. The temperature of the hydride is controlled which directly varies with the pressure of the hydrogen inside the catalytic converter. When the metal hydride is at low temperatures, the hydrogen gas is absorbed by the metal oxide and the heat conductance is only affected by the conductance of the insulation. When the metal oxide is heated, the hydrogen gas is released and its pressure begins to increase. Figure 6 shows the catalytic converter structure with the vacuum insulation. 
Back Pressures
The installation of catalytic converter in the exhaust system has been approved by numerous researchers where the catalyst surface needs to have a sufficient area for treating the gases to meet the emission limits. However, this procedure increases the pressure drop, resulting in engine power losses and fuel wastage. Indeed, an increased pressure drop is challenges that need to overcome. Typically, an engine will lose about 300 w of power per 1000 pa of pressure loss [29] . The catalyst and filter materials placed inside the catalytic converter increase back pressure. This increase in back pressure causes more fuel consumption, and in most cases, engine stalling might happen. The filtration efficiency and back pressure are interrelated. If maximum filtration efficiency using very fine grid size wire meshes, is achieved, the back pressure will also be increased, which causes more fuel consumption. On the other hand, if larger grid size wire meshes are used, back pressure will be less, but the filtration efficiency will also be reduced, which does not help in meeting the present emission norms. With the help of computational fluids dynamics (CFD) analysis, it is attempted to find out the optimum solution to get maximum filtration efficiency with limited back pressure developed inside the catalytic converter [30] . According to Lashmikanti and Keck (2004) [31] there are two major components that are related to the pressure drop in the catalytic converter which are substrate and flow distribution devices. Figure 7 shows that the substrates commonly in pellet forms by the usage of γ-Al2O3 particles is used to replace the honeycomb monolith structure that gives positive impact in terms of ensuring a lower pressure drop by having a high open frontal area. Moreover, an increase in cell density is accompanied by a reduction in wall thickness to compensate for the increase in backpressure. The substrate length, cross-sectional area, and cell shape are also important parameters that have been investigated by few researchers. According to (Day, 1997) [32] and [33] , they have identified the importance of cell shape in the overall performance of a catalytic converter. Pressure drop, heat, and mass transfer characteristics have been calculated in relation to different cell shapes.
Other investigation done by Rajadurai et al., (2006) [34] state that the Knitted wire mesh substrates with different geometry and channels gives positives impact towards the back pressure occurs in the catalytic converter. The basic requirements for better flow in the catalytic converter were lower in back pressure, system weight and also better flow of gaseous emissions. Pellets that replaced substrate used as the conversion for pollutant gases in catalytic converters [32] The combinations of these requirements will provide a better performance for the vehicles ventilation. Karuppusamy et al., (2013) [35] have conducted an experiment related to the flow in catalytic converter in order to minimize back pressure in the several types of converter based on different diameter, length and inlet cone angle of the monolith for the catalytic converter. It is observed that the back pressure for the converters that have larger diameter. The result from the research shows that increase in inlet cone length will reduces the backpressure and also reduces the recirculation zones in the catalytic converter. Figure 8a and 8b shows different inlet cone angle and different catalyst length of catalytic converter used to compare the back pressure in the catalytic converter. 
Conclusions
Through this review study, it is notice that cold-start is one of the important issues that need to be concern for the performance of vehicles engine combustion. There are a few strategies used by the researchers to improve the cold-start performance in a technical ways. The most important factors in solving cold start performance are to improve the light-off temperature during the warm-up stage. Thus, modification of catalytic converter is an important aspect that needs to be concern in order to reduce the pollutant gaseous from being exposed to the atmosphere especially during the cold-start period. Other than that, the flows of the emission gaseous in the catalytic converter also need to be discussed in order to make sure the flow of the emissions is treating in a better way to avoid engine power losses and fuel wastage.
